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The HypHI collaboration aims to perform a precise hypernuclear spectroscopy with 
stable heavy ion beams and rare isotope beams at GSI and FAIR in order to study hy- 
pernuclei at extreme isospin, especially neutron rich hypernuclei to look insight hyperon- 
nucleon interactions in the neutron rich medium, and hypernuclear magnetic moments to 
investigate baryon properties in the nucleJ^— . We are currently preparing for the first ex- 
periment with ''Li and ^■^C beams at 2 A GeV to demonstrate the feasibility of a precise 
hypernuclear spectroscopy by identifying ^H, and ^H^El. The first physics experi- 
ment on these hypernuclei is planned for 2009. In the present document, an overview of 
the HypHI project and the details of this first experiment will be discussed. 
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1. Introduction to the HypHI project 

1.1. Physics motivations 

The growing interest in hypernuclear physics is motivated by an increasing aware- 
ness of the importance to study hypcron-nuclcon (YN) interactions and hyperon- 
hyperon (YY) interactions in order to fuUy understand baryon-baryon interactions 
under flavored SU(3) /. The difficulty to study the YN and YY interactions by scat- 
tering experiments arises from the fact that it is impractical to achieve hyperon 
beams with proper energies and that no hyperon targets are available so far due to 
the short lifetime of hyperons (« 10^^° s). However, it has been demonstrated that, 
under certain conditions, hyperons can be bound into a nuclear system to form a 
hypernuclcus which then can be used as a micro-laboratory to study YN and YY 
interactions. 

1.2. Production of hypernuclei 

Until recently, hypernuclei have mainly been produced and studied by meson or 
electron induced reactions with thick stable nuclear targets. In these experiments, 
a nucleon in the target nucleus is converted to a hyperon, thus the isospin of the 
produced hypernuclei is close to the one of the target nuclei. Moreover, due to the 
small momentum tranfert of the reaction, hypernuclear moments can not be ac- 
cessed. 

In order to overcome these difficulties, the HypHI collaboration proposes to pro- 
duce exotic hypernuclei by heavy ion collisions with stable heavy ion beams and 
rare isotope beams (Rl-beams). During the reaction, for a beam energy above the 
hyperon production threshold {1.6 A GeV), an hyperon can be produced in the hot 
participant region and, due to the overlapping in the phase space of the hyperon and 
projectile spectator fragments, the hyperon may coalesce into the spectator frag- 
ment to form a hypernuclcus. Having the same velocity of the one of the projectile, 
the produced hypernuclei have a longer effective life time due to the Lorentz boost. 
Therefore, their decay takes place a few tens of centimeters behind the target. In 
this method, hypernuclei can be studied in flight. 

1.3. The phase experiment at GSI 

The phase experiment, planned for mid-2009 at GSI, is devoted to demonstrate 
the feasibility of a precise hypernuclear spectroscopy using heavy ion collisions. For 
this purpose, we will concentrate on studying light hypernuclei such as ^H, ^H and 
^He produced by collisions of a ^Li and a ^^C beam at 2 A GeV with an intensity of 
10^ particles per second on a thick carbon target (8 g/cm^). These light hypernuclei 
will mainly be studied by looking into their respective mesonic weak decay (MWD) 
channels : ^H 7r^-|-^He, ^H vr^+^He and ^He — ^ 7r^+^He-|-p respectively. 
The proposed setup for phase experiment shown in Fig. [T] consists of the large 
acceptance dipole magnet ALADiN used to analyze the momenta of the different 
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charged particles produced by the decay of hypernuclei, a time-of-flight (TOF) start 
detector in front of the target, three arrays of scintillating fiber tracking detectors 
(TRO, TRl and TR2), the existing ALADiN TOF- wall for detecting tt" particles 
and the currently under construction TOF-I- wall used to detect the positively 
charged particles. In addition, two drift chambers will be placed before and after 
the magnet in order to increase the tracking efficiency and an other TOF- wall, along 
with the Large Area Neutron Detector (LAND), will be used respectively for the 
detection of tt"*" and to investigate non-mesonic weak decay (NMWD) channels. 



Fig. 1. A schematic drawing of the proposed experimental setup for the Phase experiment at 



Due to the high beam intensity (10^ particles per second), the trigger system for the 
data acquisition as well as the background reduction represent a major technical 
challenge in the success of the phase experiment. The phase trigger decision 
system will be divided in three combined levels requiring three different conditions. 
The first trigger level will be made from signals coming from the scintillating fiber 
tracking detectors. After signal processing in discriminator modules, LVDS logic 
signals are fed to new logic modules (VUPR0M2) with FPGA and DSP chips, which 
are developed at GSI. These modules will then reject event by event the tracks 
corresponding to a primary vertex coming from reactions inside the target from 
those corresponding to a secondary vertex outside the target caused by hypernuclear 
decays. Monte Carlo simulations- in the case of reveal that the efficiency of this 
trigger is about 14 % with a background reduction to 1.7 %. 

Another trigger requires the detection of a 7r~ in the ALADiN TOF-wall whereas 
the third trigger requires a hit in the T0F+ wall corresponding to Z — 2 particles 




GSI. 
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A mass resolution of it = 3.0 MeV/c^ is expected. 



which are the decay products of ^H, and %ile. The calculated efficiencies for 
these two triggers in the case of decay are found to be 28 % for the second 
trigger and 94 % for the third one with reduction of the background down to 15 % 
and 14 % respectively. By combining these three different conditions, the efficiency 
for the the full trigger system for phase experiment is expected to be of the order 
of 7 % with a background reduction to 0.017 %. 



Tabic 1. Preliminary estimations of the rate for reconstructed hypernuclei events 

per week for Phase experiment 



Hypernucleus Expected cross section (/ib) Reconstructed events per week 

0.1 2.8 X 10^ 

0.1 2.6 X 10^ 

^He 0.5 6.3 x 10^ 



The invariant mass distribution obtained by Monte Carlo simulations for is 
shown in Fig. 2. A mass resolution of cr = 3.0 MeV/c^ is expected for an estimated 
rate of reconstructed hypernuclei events of 2.6 x 10^ events per week assuming a 
0.1 /Lt6 cross section (Tab. 1). 
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2. Summary and outlook 

In order to achieve comprehensive understanding of the baryon-baryon interaction, 
the study of hypernuclei is essential. The HypHI project at GSI and FAIR aims to 
perform a precise hypernuclear spectroscopy with heavy ion beams in order to study 
hypernuclei at extreme isospin and to measure hypernuclear magnetic moments for 
the first time. A pilot experiment, phase 0, scheduled for mid-2009 is devoted to 
demonstrate the feasibility of such a spectroscopy by looking into the mesonic weak 
decay (MWD) channels of light hypernuclei such as ^H, ^H and ^He. 
After the success of this pilot experiment, we would like to extend our investigations 
to heavier hypernuclei especially towards the hypernuclear proton drip- line by using 
rare isotope beams delivered by the fragment separator FRS at GSI. Furthermore, 
with the future facility at GSI (FAIR), we will be able to perform experiments on 
neutron rich hypernuclei using neutron rich Rl-beams delivered by the super-FRS. 
Finally, with beam energies of the order of 20 A GeV available at FAIR facility, 
one of the final goal of the HypHI project, namely measurements of hypernuclear 
moments, will be reached. For this purpose, we want to develop a hypernuclear 
separator made of superconducting bending magnets to be able to separate the 
produced hypernuclei according to their respective magnetic rigidity. 
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